The basin was calibrated through monthly discharge for the period (2002)(2003)(2004)(2005)(2006)(2007)(2008) 
Introduction
Watershed modeling is a combination of hydrometeorological data and geospatial techniques. It is a successful technique for understanding the planning of management of water resources in a sustainable way within a basin. Distributed hydrological simulation model with embedded Geographical Information System (GIS) is effective toll for the hydrologists as well as planners of water resources. It is a simple model combination of hydrometeorological data (Zhang et al. 2012) . The capability of a hydrological model must be predicting the result with sufficient accuracy for long-term hydrological scenario analysis. Wheater (2007) suggested the "simulations of catchment yield under seasonal and annual climate variability results in low and high stream flow and is often a challenge." In India, where the variability of climate is high and the availability of water is limited (Greg 2006) . According to CWC (2005) in India, availability of per capita annual water resources has decreased from 5176 m 3 in 1951 to 1588 m 3 in 2015, respectively, and it will further decrease to 1434 m 3 in 2025. According to USDA, Agricultural Research Service Soil and Water Assessment Tool (SWAT) model is developed to delineate watershed and river basin analysis study (Arnold et al. 1998 ). The SWAT model is filled with hydrometeorological datasets, to simulate the flow of rivers, the sediment and the water quality. SWAT model proved to be an effective evidence to evaluate the land management practices in floodplain and agricultural chemicals and water resources (Shi et al. 2011) . In various countries, SWAT model has been extensively used as a river discharge estimator (Spruill et al. 2000) . Shi et al. (2011) conducted a research on "Evaluating the SWAT Model for Hydrological Modeling in the Xixian Watershed and a Comparison with the XAJ Model" to understand the model performance on water resources in China. Saha et al. (2013) carried out "Streamflow modeling in a fluctuant climate using SWAT in Yass River catchment," to predict the flow and compared with the observed data in southeastern Australia. Shivhare et al. (2014) examined the performance of "Simulation of Surface Runoff for Upper Tapi Sub-basin Area (Burhanpur Watershed) Using SWAT"; from 1992 to 1997. Sisay et al. (2017) examined the "Hydrological modelling of ungauged urban watershed using SWAT model" in Vadodara city of Gujarat. Singh et al. (2013) conducted a study on "Hydrological stream flow modelling on Tungabhadra catchment: parameterization and uncertainty analysis using SWAT CUP." Gyamfi et al. (2016) conducted the study on "application of SWAT model to the Olifants Basin: calibration, validation and uncertainty analysis." Kumar et al. (2017) predicted the "SWAT model calibration and uncertainty analysis for streamflow prediction of the Tons river basin, India, using sequential uncertainty fitting (SUFI-2) algorithm" in India. Jain et al. (2010) suggested that the watershed management is a technique which is based on water quality and quantity. Variation in management of river basin is based on time and from place to place. Improvement in watershed management somewhere in terms of the good watering method and sustain the drinking water quality. Another intention may be to minimize the high surface runoff for regulating the decay of soil and sediment. However, rainfall-runoff modeling is essential for better management of sustainable water resource (Jain et al. 2010) .
Physical and chemical properties of water are the important parameters to study hydrology and its interaction with the surroundings. Increase in demand of fresh water is due to an increase in pattern of consumption and its overexploitation. In recent times, excessive wasteful use of water resources is a major problem which is relevant to properly preserving and maintaining water resources (Srinivas et al. 2016) . Based on the hydrometeorological datasets for the prediction of stream flow of a river, SWAT hydrological model plays an important role. SWAT model has been selected to assess the hydrological simulation of Gomti river basin (9923.42 sq km) from Fulhar Jheel to up to GD site at Lucknow using gridded hydrometeorological datasets at two different gauging stations (Neemsar and Lucknow) which are used to model calibration and validation. Using available hydrometeorological datasets simulates the range of hydrological sensitive parameters and carried out an analysis of the relationship between the simulated models discharge and observed discharge at the gauging stations. The main purposes of this study are to assess the Evaluation of Multisite performance of SWAT Model for Hydrological Modeling in the Gomti river basin, India, with sensitivity analysis and calibration. This study contributes to the understanding on the part of planning of water resource management and soil erosion in a sustainable way.
Study area
Gomti is an important alluvial tributary of the Ganga River flowing through the Indo-Gangetic Plain. It originates in Uttar Pradesh from "Fulhar Jheel" in Madhotanda near Mainkot which is situated 30 km in the eastern part of the Pilibhit town (Fig. 1) . In Varanasi (UP), Kaithi is the confluence of Gomti with the Ganga River. The study area of the Gomti river basin is 9923.42 sq km up to G & D site at Lucknow and lies between 27°North and 28°30′North latitudes and 80°East′ to 81°East′ longitudes. The minimum and maximum elevation of the basin varies from 98 and 216 m above mean sea level. The annual average precipitation varies between 850 and 1100 mm. About 70% of total annual precipitation occurs between June and September from the South-West Monsoon. The basin is influenced by a semi-arid to sub-humid tropical climate (Rai et al. 2014) . The Gomti River is the primary source of water supply to the residing cities of the river and other downstream habitations.
Methodology and materials

SWAT model
Soil and Water Assessment Tool (SWAT) is a river basinscale model that is developed to measure the impact of land management practices in large, complex reservoirs. It deals with the following elements with the hydrology model: Weather, surface waterway, return flow, water source, ventilation, transmission loss, pond and reservoir storage, crop growth and irrigation, underground flow, reaching path, nutrition and pesticide loading, and water transfers. SWAT uses Hydrological Response Unit (HRU), which describes local diversity, which constitutes the land cover, soil characteristics, and land slope characteristics of unique land use.
SWAT model is based on the principle of water balance equation:
where SW t is the ultimate water content in (mm), SW o is the amount of water content on the first soil of the day i (mm), t is time (days), R day is the amount of rainfall on day i (mm), Q surf is the amount of surface runoff on specific day i (mm), E a is the amount of evapotranspiration on day i (mm), W seep is the amount of percolated water into the vadose zone from the soil profile on day i (mm) and Q gw is the amount of return flow on day i (mm).
Input forcing data and model setup
The SWAT model requires intensive hydrometeorological data to run the dynamics of watershed. The major hydrometeorological data include metrological data, LULC (Land use Land Cover) map and soil texture. For the study of the Gomti river basin, the following datasets are prepared: (1) A Digital Elevation Model (DEM) from SRTM (30 m resolution) has been used for basin delineation, Stream network 
SUFI-2 algorithm
In SUFI-2, uncertainty in parameter accounts for all sources of uncertainties such as uncertainty in driving variables, conceptual model, parameters, and measured data (Abbaspour . The incremental distribution of an output variable obtained by the Latin Hypercube sample of 95 PPU (Percent Prediction Uncertainty) is calculated at 2.5% and 97.5% level ). 1 value of p-factor represents the highest quality, that is, 100% of the brackets surveyed and illustrate high uncertainties in low-quality outputs (Abbaspour et al. 2015; Arnold et al. 2012) . The r-factor and p-factor are the potency of calibration of model and determination of uncertainty (Abbaspour et al. 2015; Arnold et al. 2012) . P-factor value 1 represents the highest quality, that is, 100% of the brackets measured and illustrates high uncertainties in low-quality outputs (Setegn et al. 2009 ). R-factor describes the quality of calibration values and if it is close to zero, then combined with measured data (Yang et al. 2008) . The lower price for the low uncertainty is considered favorable and shows 1 high uncertainty. It requires a balance between p-factor and r-factor because the larger p-factor can only be achieved at high-factor. When the acceptable values of both factor reach, the parameter uncertainties are in the calibrated parameter range (Abbaspour et al. 2004 (Abbaspour et al. , 2009 ).
Model performance indices
To evaluate the performance of model, three statistical parameters have been used such as: Coefficient of 
Results and discussion
Parameter sensitivity
A sensitivity analysis has been implemented during calibration period using SWAT-CUP to identify sensitive parameters. To reduce parameter dimension, the sensitivity analysis plays a crucial role. It helps us reducing time during the period of model calibration. The hydrological parameter which is sensitive for model performance was calibrated until a satisfied agreement between the model simulated and observed values was acquired using sensitivity analysis method. Surface runoff is an important aspect of water resources which depends on SCS curve number (CN2), permeability of soil function, land use land cover and presence of water in soil (Parajuli et al. 2007; Wang et al. 2008) . The parameters considered for the calibration
including CN2, ALPHA_BF, GW_DELAY, GWQMIN, DEEPST, REVAPMN, RCHRG_DP, CANMX, SURLAG, SOL_ BD, SOL_ AWC, SOL_ALB and SOL_K. The range of parameters and the fitted values are given in Table 1 . At both gauging stations (Neemsar and Lucknow), CN2 was the most sensitive parameter found among all the 13 parameters for the Gomti river basin at monthly time-step (Fig. 6a, b) . The other parameters are found less sensitive. The simulations were carried out for two gauge sites located at Neemsar (upstream gauge) and at Lucknow (downstream gauge).
Model calibration and validation
Calibration is the coordination of the model's parameters and the uncertainty in the margins of the arbitrage, which acquires a model representation of interest processes that are pre-agreed criteria (James and Burges 1982) . Thus, calibration procedure involves systematic coordination of hydrological parameters' estimate so that simulated model results more accurately match with the observed variables. Figure 7 shows the detailed methodological framework. For calibration, sensitivity analysis is usually carried out to identify the impact and rank of hydrological parameters on model output The SWAT model calibration and validation were carried out by SWAT-CUP analysis tool using the SUFI2 approach. The model calibration was performed by adopting the concept of aggregate parameter selection (Yang et al. 2008) . A collective parameter, such as a v_, a_ and r_, is defined by adding a word as a predefined parameter to a predetermined parameter, relative to a full increment and initial parameter value, respectively (Yang et al. 2008; Zhang et al. 2014 ). The performance of calibration of a model depends on the length of data used. Figure 7 shows a schematic of model calibration process. The temporal data series are generally separated into two sets: calibration and validation dataset. Normally, in calibration period, more number of year's data (about 60 to 70%) is used. In the present work monthly average discharge data from January 2000 to December 2008 were used during calibration period and rests of the data from January 2009 to December 2013 were used to validate the performance of model at two different gauge sites, i.e., Neemsar and Lucknow. Data for the first 2 years (from January 2000 to December 2001) were used as "warmup" period, and it is not considered for the performance of model. To evaluate the model performance during the process of calibration, the hydrological parameters were adjusted systematically to acquire the good result between simulated and observed value. And in the time of validation, the basin variables were simulated with the calibrated parameters without any change and simulated discharge was compared with the observed discharge.
At Neemsar GD site r-factor and p-factor were obtained as 0.73 and 0.58, respectively, while at Lucknow the r and p-factor were obtained as 0.79 and 0.51, respectively, during calibration period and validation period the value were obtained as 0.61, 0.45 and 1.22, 0.75, respectively. Figures 8  and 9 show monthly flow hydrographs for the observed and simulated discharge pattern. Moriasi et al. (2007) recommended "the general performance of objective functions on monthly time step calibration are satisfactory as if NSE > 0.50 and RSR ≤ 0.70, and if PBIAS ± 25% for streamflow, PBIAS ± 55% for sediment, and PBIAS ± 70% for N and P." Nash and Sutcliffe (1970) described as "NSE value greater than 0.75 (good simulation) and for satisfactory (greater than 0.36)." Van Liew and Garbrecht (2003) recommended that "the value of R 2 should be greater than 0.5." At upstream gauging site (Neemsar) and downstream site (Lucknow), the NSE and R 2 values were observed as 0.85, 0.84 and 0.87, 0.86, respectively, during calibration period and the during validation period were 0.76, 0.76 and 0.79, 0.83, respectively (Figs. 8, 9 ). The PBIAS value during Calibration (2002 ( ) Validation (2009 ( -2013 calibration and validation period is − 13.3, − 14.7 and − 4.0, − 15.7, respectively, at the same gauge site. All these criteria indicate good model performance and a classy agreement between the observed and simulated values. The scatter plot (Figs. 10a, b, 11a, b) shows the familiarity between models simulated and observed variables with good correlation during calibration and validation period at Neemsar and Lucknow.
Source of uncertainty
The SUFI2 (Sequential Uncertainty Fitting) algorithm developed by Abbaspour et al. (2004 Abbaspour et al. ( , 2007 was used in the present work. Abbaspour et al. (2004 Abbaspour et al. ( , 2007 recommended that "the Uncertainty is an interface for calibration, validation, uncertainty, and sensitivity analysis of SWAT model and it converges with relatively smaller number of iterations and provides possibility of restarting an unfinished iteration and split iteration into several runs." Singh et al. (2007) suggested that there are basically five uncertainties sources in the hydrologic modeling such as "natural uncertainties associated with random temporal and spatial fluctuations in natural processes, model structure uncertainty reflecting the inability of the model to precisely represent the system, uncertainty in the parameters-reflecting non-uniqueness of model parameters and inability to determine their right values, uncertainties in the observed data arise from the measurement inaccuracy and inadequacy of gauging networks, and computational uncertainties."
Uncertainties are important in hydrological model because these are survey at fixed points and represent large areas. The variation of error of uncertainties in mountainous region is maximum due to the reason of complexity and variation in topography. Due to sparse gauging networks, climate data of the station nearest to the centroid of the subbasin are normally taken to represent the conditions of that sub-basin. Direct accounting of metrological inputs such as precipitation or distribution in temperature error is quite difficult because the information's are frequently not available from many stations. 
Conclusions
To understand the status of water resources as well as hydrological process in the Gomti river basin, SWAT model was applied. Calibration of validation was performed at two gauging sites using SUFI-2 algorithm in SWAT-CUP on monthly basis. The hydrometeorological dataset on a daily time basis at Neemsar and Lucknow gauge sites was used as input data to run the model. Compared the SWAT simulated discharge with the measured discharge data at both gauging stations. 13 years ( 
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